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This thesis is based on the field monitoring of  a propped bored pile retaining wall installed 
in an overconsolidated clay. Pile bending moments, prop loads, pore water pressures and 
lateral earth pressures were logged automatically at intervals of  up to 5 minutes 
throughout construction (and for 4 years afterwards) and wall deflections were measured 
during construction, making this the most comprehensive instrumentation project of its 
kind. 
The magnitude of  the over-read associated with the use of  spade cells (used to measure 
lateral earth and pore water pressures) in overconsolidated deposits was determined by 
comparing readings from a spade cell aligned to measure vertical stress with the estimated 
overburden acting on it as the overburden was excavated. This study adds significantly to 
the previous data as spade cells have not previously been \lsed in the Atherfield Clay, and 
the performance of  spade cells under a known changing load has not previously been 
measured in the field. 
Analysis of  the changes in lateral stress and pore water pressure during the wall 
installation process showed significant reductions in horizontal stress during wall 
installation, reducing the ratio of  effective horizontal to effective vertical stress, K, from 
about 1 to nearly the active condition. Following wall installation there was no further 
change in horizontal stress over a period of  about 10 months, during which time no further 
construction work took place. 
Analysis of  the data yielded good agreement between pile bending moments estimated 
from inclinometer and strain gauge measurements in the piles, and the onset of  concrete 
cracking was identified. The components of  strain measured in the reinforced concrete 
props due to shrinkage, creep and applied load were also identified, allowing prop loads to 
be estimated. A simple equilibrium calculation showed that these agree with the measured 
wall bending moments and total horizontal soil stresses, demonstrating the overall 
consistency of  the data collected. 
Simple equilibrium analysis of  the behaviour of  the wall during construction shows that 
the soil stresses measured are compatible with the measured structural loads. The long-
term horizontal soil stresses, bending moments and RC prop loads show no increase over 
the 6 years since construction began. 3-2-3  Reported geology 
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x deflection and prop load data at various significant stages during construction are 
presented. 
In Chapter 5 the horizontal soil stress measurements are described in greater detail. The 
instrumentation used to measure horizontal soil stresses and pore water pressures is 
evaluated by means of  a study in which the readings from a spade cell aligned to measure 
vertical stress were compared with the estimated overburden acting on it (calculated from 
bulk density measurements). The horizontal stress and pore water pressure data collected 
during wall installation and excavation of  the cutting are presented and analysed. 
In Chapter 6 the long-term data collected from the spade cells and the RC props up to 
November 2005, more than 4 years after construction was completed, are presented. 
Chapter 7 contains conclusions arising from this research and recommendations for future 
work. 
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29 An essential component of  this project was the full-time presence of  the researcher on site 
throughout the main construction period. This allowed the researcher to compile a detailed 
diary of  the construction events (and any other activities which may have affected the soil 
stress or structural loads) and to link these changes with the collected measurements. 
3-5-1  Pile installation 
The lettering on the piles in Figure 3-23 indicates the sequence in which the piles were 
installed and is detailed in Table 3-4. Appendix B contains more detailed information 
regarding the pile installation period. 
The pile installation process is shown in Figure 3-25 and illustrated in Figure 3-26, 3-27 
and 3-28. In most cases, the uppermost 8 m ofthe pile bore was excavated on one working 
day following which a casing was inserted to support the sides (this process took between 
20 and 80 minutes, with an average duration of27 minutes). The remainder of  the bore 
was excavated on the next working day without any further form of  support, although on 
reaching the required depth bentonite slurry was introduced up to original ground level 
(this took between 20 and 50 minutes, with an average of30 minutes). The reinforcement 
cage was then lowered into the borehole and concrete was tremied in from the base at the 
same rate that the bentonite was removed. (This process was implemented after 
observation of  trial boreholes left open for several days showed that those in the Atherfield 
Clay would remain stable for at least 24 hours whereas deterioration occurred more 
quickly in Weald Clay; Roscoe and Twine, 2001). The exception to this installation 
sequence was a single pile in period Dl (see Figure 3-23 and Table 3-4) for which 
excavation and concreting were carried out within one afternoon, immediately after period 
D. It  is also of  note that certain piles were installed on a Friday (pm) and Monday (am), so 
following excavation to 8 m the hole was left cased and open over the weekend. 
45 .f::.. 
0\ 
Installation  Boring started  Casing depth  Boring restarted  Pile completed,  Concreting  Concreting 
period  reached, casing  bentonite added  started  ended 
inserted 
Day  Time  Time  Day  Time  Time  Time  Time 
A  47  1510-1550  1540-1620  48  1155-1255  1235-1330  1420-1550  1453-1638 
B  49  1440-1720  1600-1740  50  0805-0916  0845-1001  0916-1225  1002-1311 
C  53  1459-1625  1520-1646  54  0800-0934  0835-1000  0955-1227  1032-1315 
D  55  1518  1542  56  0910  1000  1109  1150 
Dl  56  1220  1255  56  1255  1350  1626  1724 
E  57  1150-1435  1218-1500  60  0906-1310  0941-1335  1112-1540  1156-1627 
F  64  1040-1108  1130-1200  67  0810-0842  0842-0905  0950-1114  1036-1201 
G  67  1715  1746  68  0848  0908  1058  1145 
H  69  1631-1659  1657-1721  70  0810-0841  0840-0905  0933-1040  1006-1117 
I  71  1135-1203  1200-1225  74  1120-1148  1146-1210  1430-1605  1545-1705 
-- -- -
Table 3-4: Sequence of pile installation. Also see Figure 3-20 
In each installation period, between 1 and 4 piles were installed. The times given represent the range including all piles 
within each period An inclinometer tube was installed within pile Z (see Figure 3-23) to measure the 
deflected profile of  the wall and to allow the bending moments to be estimated from the 
deformed wall profile. (An inclinometer tube was also installed in the pile nearest to spade 
cell 12 but the tube was damaged during construction and was unusable.) The inclinometer 
tubing extended 10m into the natural ground below the toe of  the pile thereby establishing 
a fixed point and eliminating the need to rely on surveying the top of  the wall to determine 
its overall movement. Bending moments were also calculated from strains measured using 
vibrating-wire embedment gauges installed in piles X and Y (Figure 3-23). Pairs of  gauges 
were situated at 1·5 m intervals down the piles (see Figures 3-29 and 3-30). 
3-5-2  Sand drains 
Sand drains were installed between the cutting walls to reduce the pore water pressures in 
front of  the retaining wall during construction. The retaining wall design was based on the 
assumption that hydrostatic pore water pressures would exist on both sides of  the wall: 
from ground level behind the wall and from the bottom of  the excavation in front of  the 
wall. However, there were concerns that the flow of  water through the wall (or around the 
toe) could result in higher pore water pressures in front of  the wall. This could reduce the 
passive effective stresses and therefore overstress the wall, or, depending on the 
permeability of  the Atherfield Clay, cause pore water pressures to build up in the Weald 
Clay underneath the Atherfield Clay (due to the relatively high horizontal to vertical 
permeability of  the Weald Clay) which may cause the 'plug' of  Atherfield Clay above to 
be pushed upwards. The sand drains were therefore designed to relieve any pore water 
pressure build up in front of  the wall and ensure that the hydrostatic pore water pressure 
profile assumed in design was achieved (Roscoe, 2005). 
The 30 m deep sand drains were installed at 3 m ± 0·5 m centres in two lines, 3 m from 
each wall. The sand drains in the vicinity of  the instrumented section were installed over a 
period of  about 3 days. Each drain comprised a 150 mm diameter hole (bored without 
casing) filled with 10 mm gravel. The line of sand drains near to the north wall fell 
between most of  the spade cells in front of  the retaining wall, shown in Figure 3-23. A 
0·5 m leeway in the position of  the sand drains was used to ensure that spade cell 17 and 
its cable were not endangered by the sand drain installation. Figure 3-31 shows the sand 
drain nearest to spade cell 11  during excavation. 
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Figure 3-25: Pile installation sequence 
75 Figure 3-27: Installation of casing 
77 Figure 3-28: Installation of reinforcement cage 
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Figure 3-40: Photo showing instrumented area before excavation (taken on 22
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Figure 3-41: Compacting backfill in the instrumented section (taken on 29
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92 Figure 3-45: Temporary prop gauges welded onto prop 
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Figure 3-47: Strain gauges wired onto base slab reinforcement (photo was taken 
looking down through base slab) 
94 Figure 3-48: Storm drain installed behind north wall in November 2001 (Day 864) 
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Figure 3-49: Datalogger set-up 
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Figure 3-50: Vibrating-wire gauge (Gage Technique) 
96 The original and amended profiles for readings taken on Day 581  are plotted in Figure -+-2. 
The other data points highlighted in this plot were similarly analyzed and altered. For this 
profile adjusting the data in this way 'moved' the top of  the wall by 1·5 mm. This is about 
8% of  the overall movement at the top of  the wall. All the inclinometer data were adjusted 
in this way. 
A further check on the accuracy of  the data can be made by studying the wall toe 
movement. Figure 4-3 shows the deflection of  the wall toe with time (from the 
inclinometer measurements). Although the data are scattered, those recorded before the 
base slab was installed appear to show a general movement of  the wall toe into the 
excavation. The equation of  the best-fit line to the readings taken before Base Slab 
Construction is shown on the graph. (NB: The movement profile is not really linear as 
different construction activities would produce more movement than others, however 
since the total movement is so small (1'5 mm), the assumption of  a linear movement 
profile is justified.) Figure 4-4 shows (a) the as read profiles of  the entire inclinometer 
tube (adjusted for face errors as described above); (b) the corrected wall profiles assuming 
a fixed toe; and (c) the corrected wall profiles assuming the toe moves according to the 
equation found in Figure 4-3, for a small selection of  the data taken during Excavation 
Phase 1. Figure 4-4 shows that the adjustment described above produces much more 
consistent data which is more easily viewed and analysed. The scale on which the 
deflection data are plotted covers a small range of deflections, showing that in general 
these errors are very small. 
Less frequent inclinometer readings were taken after Base Slab Construction so it is more 
difficult to infer the wall toe movement after this time. Figure 4-3 suggests that after Base 
Slab Construction the wall returned to its original position and then slowly over the 
following year moved back out into the excavation by a similar magnitude as during 
excavation. This movement might seem reasonable; however Figure 4-5, which shows 
inclinometer measurements taken within the entire inclinometer tube (i.e. including those 
taken in the ground below the pile toe) following Base Slab Construction, shows that the 
whole tube below the wall toe appears to be moving. This is highly unlikely because 
movement of  the wall toe would only be expected to cause movement of  a metre or so of 
the tube beneath. Therefore after this time the wall toe has assumed to have been 
stationary. 
100 It is important to carefully consider the degree of  polynomial used to fit to the profile data. 
A polynomial with a similar number of  inflections as the shape of  the profile should be 
chosen, otherwise the bending moment plot produced will have too few/too many 
inflections and indicate an inaccurate bending moment profile. A 5
th  order polynomial is 
most suitable for representing the deflected shape of  a wall which has a linear horizontal 
pressure distribution acting on it (the pressure distribution is given by the 4th derivative of 
the chosen polynomial). In reality the pressure distribution is unlikely to be perfectly 
linear, and therefore both 5
th and 6
th  order polynomial equations were fitted to the 
deflected wall profile (determined by the inclinometer readings) before and after two 
construction stages at which cracking appears to have occurred (described later). The 
correlation coefficients for the curves were all greater than 0'997, which superficially  I 
indicates a high level of  accuracy for the curve fit. Comparisons between the bending 
moments calculated from the inclinometer and strain gauge measurements are made in 
Section 4-4-5. 
Factors that affect the stiffness of  the pile and in tum affect the suitability of  the curve 
fitting include: 
•  changes in cross-sectional area of  the element; 
•  changes in reinforcement stiffness; and 
•  concrete cracking. 
These factors affect the continuity of  the pile element and hence the mathematical 
accuracy of  the curve fit. It may be better to fit several curves to sections of  the pile with 
continuous properties. The reinforcement in the piles in the instrumented section reduced 
from 50 mm to 40 mm diameter bars about 6 m above the pile toe (described in Section 4-
3-3). In addition, there was a bulge in the piles just below the level of  the casing, 
(described in Section 4-4-4). In this case however a better curve fit and bending moment 
distribution was given by the curves fitted to the entire pile. 
Cracking reduces the pile's cross-sectional area; therefore the value of  I must be modified 
to take account of  this or the calculated bending moments will tend to be overestimated. 
Further comments on fitting curves to inclinometer data are made in Section 4-4-5. 
1 It is important to note that the correlation coefficient can be misleading: the higher the order of  polynomial 
fitted to the data, the higher the correlation coefficient, but this does not necessarily mean the curve fit will 
give the best equation for the bending moment profile for the reasons already explained. 
103 The temporary prop loads corrected for temperature effects are shown in Figure 4-10. The 
temperature correction has significantly reduced the variation in the readings with 
temperature when load is recorded. However, before excavation, when there is no end 
restraint to the props, the correction distorts the data so that it appears load is being 
recorded. Hence, temperature correction is only appropriate when the props are restrained 
to some degree. 
The base readings for the temporary prop data (and the temperature correction) were taken 
as the average of  the readings from installation of  the prop until the day before Excavation 
Phase 2 began, over which time the readings were reasonably stable (this was 7 days for 
TI and 6 days for T2 and T3). One ofthe gauges on TI (number 4) was broken during 
excavation. Thereafter the load at the position of  gauge 4 was taken to equal that measured 
in gauge 3, as the loads had been similar up to this point, and the loads measured in gauges 
3 and 4 of  the other props are also similar. 
4-4-2  Base slab data 
Data from the base slab for the period from just before installation to approximately two 
years later are shown in Figure 4-II(a). Set I relates to the pair of gauges to the north-west 
of  the instrumented section (closest to slab A3 which was constructed previously) and the 
pairs are then equally spaced along centreline of  the slab A4. Data collection began before 
the concrete was poured so the fluctuation at the start of  the graph (shown in detail in 
Figure 4-II(b)) relates to the gauges expanding and contracting at a different rate to the 
reinforcement to which they are attached. Zero readings for the strain calculation were the 
average of  the readings taken over the 72 hour period prior to concreting. 
A large increase in load is indicated after the concrete was poured. The majority of  this is 
not load carried by the slab but a change in strain induced by the rise in temperature 
caused by hydration of  the cement as the concrete cures. The temperature increased to just 
over 40°C, causing expansion ofthe gauge which is resisted by the setting concrete. There 
is no similar decrease in load as the concrete cools which indicates that the gauge and the 
concrete are cooling and contracting at the same rate. (It will be shown later in Section 4-
5-4 that the bending moments measured in the piles at the level of  the base slab reduce at 
the time of  Base Slab Construction.) 
108 until it was removed. There was no change in load in prop T2 when the next base slab, A5, 
was constructed. 
After base slab A4 was poured the load in prop T3 increased slowly over the following 9 
days, by a total of  approximately 80 kN, until the next base slab, A5, was installed. At this 
point the load reduced by approximately 40 kN. The load in prop T3 was then reasonably 
steady over the following 5 days until it was removed along with prop T2. 
It  is important to note that the changes in loads and bending moments due to the removal 
of  prop T1  are masked by the loads applied by the expansion and contraction of  the base 
slab concrete poured only 2 days earlier. Therefore the removal of  props T2 and T3  might 
be expected to have different consequences. 
4-5-2  Base slab data 
Although the temperatures indicated by the base slab gauges during the concrete pour 
were very similar, Figures 4-11 and 4-13 shows that the strain rates were different. The 
strain in set 1 rose much more quickly than the strains in set 4, and the strains in sets 2 and 
3 rose at a very similar rate. Despite their different rates of  strain during the concrete pour 
and curing, sets 1-3 indicated a similar 'load' by Day 586 and set 4 by Day 596. The 
difference in strain may be affected by the different frictional qualities of  the boundaries to 
the base slab: the previous concrete slab acts as a boundary near set 1 and there is 
shuttering near set 4. 
4-5-3  Reinforced concrete props 
The changes in the reinforced concrete prop loads that occurred as a result of  excavation 
directly under the individual instrumented props are listed in Table 4-8 (also see Figure 4-
21). The loads measured at various construction stages are presented in Table 4-9. 
120 (gauges 21 &22). After Excavation Phase 2, the point of  maximum bending moment was 
approximately at formation (gauges 15& 16). The reduction in bending moments at the top 
of  the wall could also be partly due to redistribution of  stresses in the wall resulting from 
the cracking induced at this stage of  construction. 
The expansion and contraction of  the base slab during its construction and the effect this 
had on the wall induced a temporary decrease in the bending moments close to the level of 
the base slab. The gauges near the top of  the wall were not affected, probably because of 
the presence of  the temporary props, which restricted movement of  the wall and therefore 
load redistribution above its position. 
As the heat generated in the base slab during the curing process dissipated the concrete 
contracted, therefore the load being applied to the wall reduced and the bending moments 
near the level of  the base slab increased, as shown in Figures 4-32, 4-33, 4-34 and 4-35. 
However, temporary prop T1  was removed only 2 days after the base slab was cast, and 
therefore the change in bending moment is a combination of  the loads occurring due to the 
concrete setting and temporary prop removal. On removal of  props T2 and T3, the bending 
moment near the level of  the base slab decreased. Therefore it is reasonable to assume that 
the removal oftemporary prop T1  would also initiate a decrease in bending moment near 
the level of  the base slab, and if  prop T1  had not been removed so soon following Base 
Slab Construction the increase in bending moment in the following days may have been 
substantially higher. 
Temporary prop removal resulted in an increase in the bending moments in the top of  the 
wall and a decrease in those near the level of  the base slab. The inclinometer 
measurements in Figure 4-6 (d) show that the point of  maximum deflection moved up the 
wall after temporary prop removal (the last temporary props, T2 and T3, were removed on 
Day 595). 
122 ....... 
tv  w 
Stage  Top section of  wall  Middle section of  wall Bottom of  wall  Max change  Notes: 
Exc. Phase 1  11&12-25&26:  not applicable  1  &2-9&  10: decrease  Increase at 21 &22  Approx. the same change 
increase  recorded in 15& 16-19&20 and 
23&24 due to second part of 
Exc. Phase 1. 
Exc. Phase 2  21&22-25&26:  5&6-19&20: increase  1&2-3&4: no significant  Increase at 15 & 16  Trend of  changes generally 
decrease  change  continues for about 2 days after 
Exc. Phase 2 has finished. 
Base Slab  21&22-25&26: no  11&12-19&20:  1&2-9&10: small  Decrease at 15&16 
Construction  significant change  reduction  increase/no significant 
change 
Removal of  23&24-25&26: small  13&14-21&22:  slow 1&2-11&12: slow  Increase at 15& 16 
Tl  increases over period  increase over period of decrease over about 10 
of 10 days/no  about 10 days  days. No significant 
significant change  change in 1&2 and 3&4 
Removal of  19&20-25&26:  17&18:  no  change; 1&2-7&8: no significant  Increase at 21 &22 
T2 and T3  increase (no change in  15&16-9&10:  change 
25&26 pile X)  decrease 
-- -- --- - -- -
Table 4-10: Changes in bending moment for piles X and Y due to particular construction stages. Ranges are inclusive of gauge 
numbers quoted 4-5-5  Inclinometer data 
The inclinometer readings illustrated in Figure 4-6 show that the wall moved consistently 
into the excavation as construction progressed and that the majority of  the movement 
occurred during excavation phases 1 and 2. Further movement occurred at temporary prop 
removal. The readings indicate that after temporary prop removal the wall continued to 
move, with the top of  the wall moving into the excavation by 4 mm over the following 1  1 
months. However, Figure 4-7 shows that the movement was not in one direction and that 
few readings were taken over a relatively long period of  time, so the accuracy of  these 
measurements is questionable. It is possible that the wall movements may be affected by 
yearly temperature changes, however the paucity of  the readings prevents a definitive 
conclusion. 
As previously mentioned, the relatively high deflections measured at the top of  the wall 
lead to the conclusion that the cutting has swayed due to the difference in ground level 
behind the north and south walls (see Figure 3-22). (N.B: A compression of 1 mm in the 
RC prop would produce 25 000 kN of  load; therefore the movement could not be due to 
compressive loading.) Unfortunately it was not possible to monitor the south wall due to 
access restrictions and very little is known about the progress of  the construction 0 f the 
'Maidstone loop', the line which was constructed behind the south wall, and the 
corresponding changes in ground level. However from photographic evidence (Figure 3-
34 - taken 110 days before excavation activities began) the existing railway lines can be 
seen and preparations for construction are being made, therefore the ground level must 
have been reduced by this time. 
In the early part of  Excavation Phase 1 (Days 483-488: before work temporarily stopped) 
the wall appears to be well propped at the top with excavation causing the wall to bend in 
the middle. Figures 4-32, 4-33, 4-34 and 4-35 show that the bending moments induced at 
this time were small. Later during Excavation Phase 1, the changes in deflection measured 
at all points in the section of  wall above temporary prop level were similar, indicating that 
the wall was rotating and that the RC prop was not providing significant restraint. Figures 
4-33 and 4-35 show that bending moments did not increase in either pile until the end of 
Excavation Phase 1. The top of  the wall moved approximately 7 mm during Excavation 
Phase 1 and a further 3 mm before the start of  Excavation Phase 2. 
124 6.  Careful consideration ofthe mathematical restraints to curve fitting have allowed 
wall bending moment profiles to be determined from inclinometer readings, and 
these show good agreement with bending moment profiles found from vibrating-
wire strain gauges. Identification of  concreting cracking and an analysis of  the 
effect this has had on the bending moment profiles calculated from the 
inclinometer measurements has explained the differences in bending moment plots 
found by the two different methods after cracking had occurred. 
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Figure 4-7: Movement of the top of the wall (a) all measurements (b) excerpt of (a) 
showing construction phases only 
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Figure 4-17: Time/strain versus time for an RC prop gauge at chain  age 89+205 
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Figure 4-19: Reinforced concrete prop loads uncorrected for effects of shrinkage 
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Figure 4-20: Reinforced concrete prop loads corrected for effects of shrinkage using Equation 4-12 
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Figure 4-22: Stiffness calculated by assuming that there is no change in prop load 
after construction is completed and the calculated best-fit lines to these data 
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Figure 4-24: Difference in strain measured for the pairs of strain gauges in (a) pile X 
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Figure 4-30: Bending moments calculated from inclinometer and strain gauge measurements before and after Temporary Prop Removal 
VI 
VI  (a) Before Temporary Prop Removal: Day 551 (10/04/01)  (b) After Temporary Prop Removal: Day 617 (15/06/01) Depth BGL,  Spade cell  Total horizontal stress, kPa  Estimated/ 
m  No.  measured, 0/0 
Measured  Estimated 
6.95  Exc level  0 
8.3  82 
11.6  11  (13)  101  (107)  111  110 
15.3  (12) 17  (162) 331  329  99 
20.25  Wall toe  386 
Table 5-3: Measured and estimated total horizontal soil stress in front of the wall 
Pile  Depth, m  Measured bending moments, kNm  Calculated bending 
gauges  Pile X  Pile Y  Average  moment, kNm 
pile top  0.00  42.0 
0.50  58.1 
25&26  2.24  102.1  102.1  114.4 
3.30  148.6 
23&24  3.72  223.5  247.5  235.5  192.2 
21&22  5.30  380.0  375.3  377.7  283.7 
19&20  6.79  292.8  254.0  273.4  311.4 
6.95  298.7 
17&18  8.30  222.4  199.8  211.1  254.8 
15&16  9.76  306.3  214.6  260.5  225.7 
13&14  11.30  149.5  130.0  139.8  181.2 
11.60  164.5 
11&12  12.70  72.8  35.0  53.9  76.2 
15.30  -129.8 
9&10  14.20  -49.2  -49.2  -63.0 
7&8  15.70  -165.7  -98.2  -131.9  -138.8 
5&6  17.20  -94.8  -83.7  -89.3  -111.5 
3&4  18.70  -43.7  -43.7  -41.5 
1&2  19.70  6.0  -30.8  -12.4  -6.3 
pile toe  20.25  0.0 
Table 5-4: Measured and calculated bending moments 
The RC prop load that would occur under the estimated horizontal soil stress profile 
presented in Figure 5-33 can be found by analysis of  the horizontal equilibrium, and yields 
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Figure 5-6: Total vertical stress measured by spade cell in nadir sump 
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Figure 5-8: Measured total vertical stress versus overburden 
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Figure 5-11: Measured and calculated vertical stresses against overburden 
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Figure 5-12: Over-read error - measured and calculated from limit equilibrium 
analysis 
192 period of wall 
installation 
P1-3.3m : 
beginning of main 
construction 
~P5 
: P4 
~P11 
; P12 
~P3 
~P2 
~P1 
0~~4-~~~~~~~~~~-r~~~~~~~~~~~~~~~ 
ns 150 
a.. 
~ 
a)  ... 
;100 
III 
!  c.  ... 
CI)  ...  50  ; 
CI)  ... 
0  a..  0 
... 
CI) 
50  ...  ; 
! 
0  a..  0 
4  32  60  88  116  144  172  200  228  256  284  312  340  368 
4 
4 
period of wall 
installation 
P16-8.3ri.1 
P15-5.3m 
32  60  88 
period of wall 
installation 
Time in days 
(a) 1·275 m from the wall 
beginning of main 
construction 
~P17 
~P16 
~~P15 
116  144  172  200  228  256  284  312  340  368 
Time in days 
(b) 2·375 m from the wall 
beginning of main 
construction 
~~~~;::;:::;.nh~~ru:::JI!!~~:::=::::::~;;:::::::. =  P10 
P8-8.3m; 
P7-5.3m; 
P6-3.3 
32  60 
: P13 
~P8 
~P7 
~P6 
88  116  144  172  200  228  256  284  312  340  368 
Time in days 
(c) 3·475 m from the wall 
Figure 5-19: Pore water pressures measured before, during and 10 months wall 
installation 
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Figure 5-26: Effective horizontal stresses measured by all spade cells before wall 
installation and by those 1.275 m from the edge of the wall after wall installation 
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Figure 5-28: Total horizontal stress measured before, during and 10 months after 
wall installation 
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Figure 5-29: Total pressure and pore water pressure measured 1·275 m from the 
back of the wall during the construction period 
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Figure 6-3: Long-term total horizontal stress measured in spade cells 2·375 m behind the wall N 
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Figure 6-4: Long-term pore water pressures measured in spade cells 2·375 m behind the wall 400 
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Figure 6-9: Total horizontal stress and pore water pressure measured 1·275 m 
behind the wall over period of storm drain installation 
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Figure 6-14: Long-term bending moments in Pile Y - gauges 1-14 N  w 
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Figure 6-15: Long-term bending moments in Pile Y - gauges 15-26 tv 
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Figure 6-17: Long-term bending moments in Pile X - gauges 15-26 •  There is a general requirement for further fieldwork to improve our understanding 
of  retaining wall behaviour. 
•  Finally, and possibly most importantly, the data collected in this field study should 
be used for input and comparison of  results for finite element analyses, not least to 
study the overall performance of  the wall; the three-dimensional nature of  the 
bored pile installation process and to investigate the transfer of  stress under the 
wall in the wall installation process which produced the non-linear stress reduction 
observed in this study. 
240 Appendix A 
Figure A-1: Wireline borehole sample 'catch' mechanism 
Figure A-2: Wireline borehole rig 
241 Appendix C - Calculation of flexural rigidity (El) for pile 
Upper part of pile (reinforcement bar diameter = 50 mm) 
diameter of bar = 
Area of bar = 
Area of bar = 
second moment of area of bar, I = 
distance to neutral axis of furthest bar, Y A = 
distance to neutral axis of 2nd furthest bar, YB  = 
distance to neutral axis of 2nd nearest bar, Yc = 
distance to neutral axis of nearest bar, Yo = 
distance to neutral axis of bar on NA, YE = 
E (concrete) = 
E (steel) = 
I pile = 
assuming 70 mm cover to rebar 
B 
o  A 
G 
o 
c 
50  mm 
1963.5  mm ~ 
0.0019635  m ~ 
3.0680E-07  m
4 
0.43000  m 
0.16455 m 
0.30406  m 
0.39727  m 
Om 
25000000  kN/m ~ 
205000000  kN/m ~ 
0.059666024 m
4 
no of bars x (I  + Area x Y ~ ) 
IA =  7.2671E-04 m
4 
18 =  0.000213897  m
4 
IC =  0.000727328  m
4 
ID =  0.001240758  m
4 
IE =  6.1 3592E-07  m
4 
TOTAL = 
IE = 
0.002909311  m
4 
(Ipile x Econc) - (Isteel x Econc) + (Isteel x Esteel) 
2015326.594 kNm' 
1492834.514  kNm'/m run of wall 
Lower part of pile (reinforcement bar diameter =  40 mm) 
diameter of bar = 
Area of bar = 
Area of bar = 
second moment of area of bar, I = 
distance to neutral axis of furthest bar, Y A = 
distance to neutral axis of 2nd furthest bar, YB  = 
distance to neutral axis of 2nd nearest bar, Yc = 
distance to neutral axis of nearest bar, Yo = 
distance to neutral axis of bar on NA, YE = 
E (concrete) = 
E (steel) = 
I pile = 
assuming 70 mm cover to rebar 
B 
o  A  o 
G 
C 
40 mm 
1256.6  mm ~ 
0.0012566  m ~ 
1.2566E-07  m
4 
0.43000 m 
0.16455 m 
0.30406 m 
0.39727  m 
Om 
25000000  kN/m ~ 
205000000  kN/m ~ 
0.059666024 m
4 
no of bars x (I  + Area x l) 
IA =  4.6496E-04  m
4 
18 =  0.000136611  m
4 
IC =  0.000465207  m
4 
ID =  0.000793803  m
4 
IE =  2.51327E-07  m
4 
TOTAL =  0.001860828 m
4 
IE =  (I pile x Econc) • (lsteel x Econc) + (Isteel x Esteel) 
1826599.657  kNm' 
1353036.783  kNm'/m run of wall 
253 